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1
SPECTRUM SHARING USING SHARING
PROFILES

FIELD

The invention relates to apparatuses, methods, a system,
computer programs, computer program products and com-
puter-readable media.

BACKGROUND

The following description of background art may include
insights, discoveries, understandings or disclosures, or asso-
ciations together with disclosures not known to the relevant
art prior to the present invention but provided by the inven-
tion. Some such contributions of the invention may be spe-
cifically pointed out below, whereas other such contributions
of the invention will be apparent from their context.

Recently need for more efficient usage of radio resources
has brought out an idea of co-existence or sharing of systems
meaning that systems share operational resources, for
example spectrum in a given region.

BRIEF DESCRIPTION

According to an aspect of the present invention, there is
provided an apparatus comprising: at least one processor and
at least one memory including a computer program code, the
at least one memory and the computer program code config-
ured to, with the at least one processor, cause the apparatus at
least to: convey a set of changeable sharing profiles to a node
being a secondary user of the shared spectrum, the set of
changeable sharing profiles comprising changeable spectrum
sharing conditions; change at least one sharing profile of the
set of changeable sharing profiles during shared spectrum
usage, and indicate the change of the at least one sharing
profile to the node being the secondary user of the shared
spectrum.

According to an aspect of the present invention, there is
provided an apparatus comprising: at least one processor and
at least one memory including a computer program code, the
at least one memory and the computer program code config-
ured to, with the at least one processor, cause the apparatus at
least to: obtain at least one sharing profile indicator of at least
one changed sharing profile of a set of changeable sharing
profiles from a node being a primary user of shared spectrum;
indicate the at least one sharing profile indicator to a node
being a secondary user of the shared spectrum, and obtain an
acknowledgement of indication of the at least one sharing
profile indicator from the node being the secondary user of the
shared spectrum an convey the acknowledgement to the node
being the primary user of the shared spectrum.

According to an aspect of the present invention, there is
provided an apparatus comprising: at least one processor and
at least one memory including a computer program code, the
at least one memory and the computer program code config-
ured to, with the at least one processor, cause the apparatus at
least to: obtain a set of changeable sharing profiles from a
node being a secondary user or a primary user of the shared
spectrum, the set of sharing profiles comprising changeable
spectrum sharing conditions; obtain at least one sharing pro-
file indicator of at least one changed sharing profile of the set
of changeable sharing profiles, and convey an acknowledge-
ment of obtaining the sharing profile indicator of at least one
changed sharing profile of the set of changeable sharing pro-
files.
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According to yet another aspect of the present invention,
there is provided a method comprising: conveying a set of
changeable sharing profiles to a node being a secondary user
of the shared spectrum, the set of changeable sharing profiles
comprising changeable spectrum sharing conditions; chang-
ing at least one sharing profile of the set of changeable sharing
profiles during shared spectrum usage, and indicating the
change of the at least one sharing profile to the node being the
secondary user of the shared spectrum.

According to yet another aspect of the present invention,
there is provided a method comprising: obtaining at least one
sharing profile indicator of at least one changed sharing pro-
file of a set of changeable sharing profiles from a node being
aprimary user of shared spectrum; indicating the at least one
sharing profile indicator to a node being a secondary user of
the shared spectrum, and obtaining an acknowledgement of
indication of the at least one sharing profile indicator from the
node being the secondary user of the shared spectrum an
convey the acknowledgement to the node being the primary
user of the shared spectrum.

According to yet another aspect of the present invention,
there is provided a method comprising: obtaining a set of
changeable sharing profiles from a node being a secondary
user or a primary user of the shared spectrum, the set of
sharing profiles comprising changeable spectrum sharing
conditions; obtaining at least one sharing profile indicator of
at least one changed sharing profile of the set of changeable
sharing profiles, and conveying an acknowledgement of
obtaining the sharing profile indicator of at least one changed
sharing profile of the set of changeable sharing profiles.

According to yet another aspect of the present invention,
there is provided an apparatus comprising: means for convey-
ing a set of changeable sharing profiles to a node being a
secondary user of the shared spectrum, the set of changeable
sharing profiles comprising changeable spectrum sharing
conditions; means for changing at least one sharing profile of
the set of changeable sharing profiles during shared spectrum
usage, and means for indicating the change of the at least one
sharing profile to the node being the secondary user of the
shared spectrum.

According to yet another aspect of the present invention,
there is provided an apparatus comprising: means for obtain-
ing at least one sharing profile indicator of at least one
changed sharing profile of a set of changeable sharing profiles
from a node being a primary user of shared spectrum; means
for indicating the at least one sharing profile indicator to a
node being a secondary user of the shared spectrum, and
means for obtaining an acknowledgement of indication of the
at least one sharing profile indicator from the node being the
secondary user of the shared spectrum an convey the
acknowledgement to the node being the primary user of the
shared spectrum.

According to yet another aspect of the present invention,
there is provided an apparatus comprising: means for obtain-
ing a set of changeable sharing profiles from a node being a
secondary user or a primary user of the shared spectrum, the
set of sharing profiles comprising changeable spectrum shar-
ing conditions; means for obtaining at least one sharing pro-
file indicator of at least one changed sharing profile of the set
of changeable sharing profiles, and means for conveying an
acknowledgement of obtaining the sharing profile indicator
ofat least one changed sharing profile ofthe set of changeable
sharing profiles.

According to yet another aspect of the present invention,
there is provided a computer program embodied on a com-
puter-readable storage medium, the computer program com-
prising program code for controlling a process to execute a
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process, the process comprising: A computer program
embodied on a computer-readable storage medium, the com-
puter program comprising program code for controlling a
process to execute a process, the process comprising: convey-
ing a set of changeable sharing profiles to a node being a
secondary user of the shared spectrum, the set of changeable
sharing profiles comprising changeable spectrum sharing
conditions; changing at least one sharing profile of the set of
changeable sharing profiles during shared spectrum usage,
and indicating the change of the at least one sharing profile to
the node being the secondary user of the shared spectrum.

According to yet another aspect of the present invention,
there is provided a computer program embodied on a com-
puter-readable storage medium, the computer program com-
prising program code for controlling a process to execute a
process, the process comprising: obtaining at least one shar-
ing profile indicator of at least one changed sharing profile of
a set of changeable sharing profiles from a node being a
primary user of shared spectrum; indicating the at least one
sharing profile indicator to a node being a secondary user of
the shared spectrum, and obtaining an acknowledgement of
indication of the at least one sharing profile indicator from the
node being the secondary user of the shared spectrum an
convey the acknowledgement to the node being the primary
user of the shared spectrum.

According to yet another aspect of the present invention,
there is provided a computer program embodied on a com-
puter-readable storage medium, the computer program com-
prising program code for controlling a process to execute a
process, the process comprising: obtaining a set of change-
able sharing profiles from a node being a secondary user or a
primary user of the shared spectrum, the set of sharing pro-
files comprising changeable spectrum sharing conditions;
obtaining at least one sharing profile indicator of at least one
changed sharing profile of the set of changeable sharing pro-
files, and conveying an acknowledgement of obtaining the
sharing profile indicator of at least one changed sharing pro-
file of the set of changeable sharing profiles.

LIST OF DRAWINGS

Some embodiments of the present invention are described
below, by way of example only, with reference to the accom-
panying drawings, in which

FIG. 1 illustrates an example of a system;

FIG. 2 is a flow chart;

FIG. 3 is an example of signalling;

FIG. 4 is another flow chart;

FIG. 5 is yet another flow chart;

FIG. 6 illustrates an exemplifying arrangement for
dynamic spectrum sharing;

FIG. 7 illustrates examples of apparatuses;

FIG. 8 illustrates other examples of apparatuses, and

FIG. 9 illustrates yet other examples of apparatuses.

DESCRIPTION OF EMBODIMENTS

The following embodiments are only examples. Although
the specification may refer to “an”, “one”, or “some” embodi-
ment(s) in several locations, this does not necessarily mean
that each such reference is to the same embodiment(s), or that
the feature only applies to a single embodiment. Single fea-
tures of different embodiments may also be combined to
provide other embodiments.

Embodiments are applicable to any user device, such as a
user terminal, relay node, server, node, corresponding com-
ponent, and/or to any communication system or any combi-
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nation of different communication systems that support
required functionalities. The communication system may be
a wireless communication system or a communication sys-
tem utilizing both fixed networks and wireless networks. The
protocols used, the specifications of communication systems,
apparatuses, such as servers and user terminals, especially in
wireless communication, develop rapidly. Such development
may require extra changes to an embodiment. Therefore, all
words and expressions should be interpreted broadly and they
are intended to illustrate, not to restrict, embodiments.

In the following, different exemplifying embodiments will
be described using, as an example of an access architecture to
which the embodiments may be applied, a radio access archi-
tecture based on long term evolution advanced (LTE
Advanced, LTE-A), that is based on orthogonal frequency
multiplexed access (OFDMA) in a downlink and a single-
carrier frequency-division multiple access (SC-FDMA) in an
uplink, without restricting the embodiments to such an archi-
tecture, however. It is obvious for a person skilled in the art
that the embodiments may also be applied to other kinds of
communications networks having suitable means by adjust-
ing parameters and procedures appropriately.

In an orthogonal frequency division multiplexing (OFDM)
system, the available spectrum is divided into multiple
orthogonal sub-carriers. In OFDM systems, the available
bandwidth is divided into narrower sub-carriers and data is
transmitted in parallel streams. Each OFDM symbol is a
linear combination of signals on each of the subcarriers.
Further, each OFDM symbol is preceded by a cyclic prefix
(CP), which is used to decrease Inter-Symbol Interference.
Unlike in OFDM, SC-FDMA subcarriers are not indepen-
dently modulated.

Typically, a (e)NodeB (“e” stands for evolved) needs to
know channel quality of each user device and/or the preferred
precoding matrices (and/or other multiple input-multiple out-
put (MIMO) specific feedback information, such as channel
quantization) over the allocated sub-bands to schedule trans-
missions to user devices. Such required information is usually
signalled to the (e)NodeB.

FIG. 1 depicts examples of simplified system architectures
only showing some elements and functional entities, all being
logical units, whose implementation may differ from what is
shown. The connections shown in FIG. 1 are logical connec-
tions; the actual physical connections may be different. It is
apparent to a person skilled in the art that the system typically
comprises also other functions and structures than those
shown in FIG. 1.

The embodiments are not, however, restricted to the system
given as an example but a person skilled in the art may apply
the solution to other communication systems provided with
necessary properties.

FIG. 1 shows a part of a radio access network based on
E-UTRA, LTE, LTE-Advanced (LTE-A) or LTE/EPC
(EPC=evolved packet core, EPC is enhancement of packet
switched technology to cope with faster data rates and growth
of Internet protocol traffic). E-UTRA is an air interface of
Release 8 (UTRA=UMTS terrestrial radio access,
UMTS=universal mobile telecommunications system).
Some advantages obtainable by LTE (or E-UTRA) are a
possibility to use plug and play devices, and Frequency Divi-
sion Duplex (FDD) and Time Division Duplex (TDD) in the
same platform.

FIG. 1 shows user devices 100 and 102 configured to be in
a wireless connection on one or more communication chan-
nels 104,106 in a cell with a (¢)NodeB 108 providing the cell.
The physical link from a user device to a (e)NodeB is called
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uplink or reverse link and the physical link from the NodeB to
the user device is called downlink or forward link.

The NodeB, or advanced evolved node B (eNodeB, eNB)
in LTE-Advanced, is a computing device configured to con-
trol the radio resources of communication system it is
coupled to. The (e)NodeB may also be referred to as a base
station, an access point or any other type of interfacing device
including a relay station capable of operating in a wireless
environment.

The (e)NodeB includes transceivers, for example. From
the transceivers of the (e)NodeB, a connection is provided to
an antenna unit that establishes bi-directional radio links to
user devices. The antenna unit may comprise a plurality of
antennas or antenna elements. The (¢)NodeB is further con-
nected to core network 110 (CN). Depending on the system,
the counterpart on the CN side can be a serving gateway
(S-GW, routing and forwarding user data packets), packet
data network gateway (P-GW), for providing connectivity of
user devices (UEs) to external packet data networks, or
mobile management entity (MME), etc.

A communications system typically comprises more than
one (e¢)NodeB in which case the (¢)NodeBs may also be
configured to communicate with one another over links,
wired or wireless, designed for the purpose. These links may
be used for signalling purposes.

The communication system is also able to communicate
with other networks, such as a public switched telephone
network or the Internet 112. The communication network
may also be able to support the usage of cloud services. It
should be appreciated that (e)NodeBs or their functionalities
may be implemented by using any node, host, server or access
point etc. entity suitable for such a usage.

The user device (also called UE, user equipment, user
terminal, terminal device, etc.) illustrates one type of an appa-
ratus to which resources on the air interface are allocated and
assigned, and thus any feature described herein with a user
device may be implemented with a corresponding apparatus,
such as a relay node. An example of such a relay node is a
layer 3 relay (self-backhauling relay) towards the base sta-
tion.

The user device typically refers to a portable computing
device that includes wireless mobile communication devices
operating with or without a subscriber identification module
(SIM), including, but not limited to, the following types of
devices: a mobile station (mobile phone), smartphone, per-
sonal digital assistant (PDA), handset, device using a wireless
modem (alarm or measurement device, etc.), laptop and/or
touch screen computer, tablet, game console, notebook, and
multimedia device.

The user device (or in some embodiments a layer 3 relay
node) is configured to perform one or more of user equipment
functionalities. The user device may also be called a sub-
scriber unit, mobile station, remote terminal, access terminal,
user terminal or user equipment (UE) just to mention but a
few names or apparatuses.

It should be understood that, in FIG. 1, user devices are
depicted to include 2 antennas only for the sake of clarity. The
number of reception and/or transmission antennas may natu-
rally vary according to a current implementation.

Further, although the apparatuses have been depicted as
single entities, different units, processors and/or memory
units (not all shown in FIG. 1) may be implemented.

It is obvious for a person skilled in the art that the depicted
system is only an example of a part of a radio access system
and in practise, the system may comprise a plurality of (¢)No-
deBs, the user device may have an access to a plurality of
radio cells and the system may comprise also other appara-

10

15

20

25

30

35

40

45

50

55

60

65

6

tuses, such as physical layer relay nodes or other network
elements, etc. At least one of the NodeBs or eNodeBs may be
a Home(e)nodeB. Additionally, in a geographical area of a
radio communication system a plurality of different kinds of
radio cells as well as a plurality of radio cells may be pro-
vided. Radio cells may be macro cells (or umbrella cells)
which are large cells, usually having a diameter of up to tens
of kilometres, or smaller cells such as micro-, femto- or
picocells. The (e)NodeBs of FIG. 1 may provide any kind of
these cells. A cellular radio system may be implemented as a
multilayer network including several kinds of cells. Typically,
in multilayer networks, one node B provides one kind ofa cell
orcells, and thus a plurality of node Bs are required to provide
such a network structure.

InFIG. 1, node (e)NodeB 114 may also be a Home(e)Node
or pico or femto node. It is operably coupled 120 to the
(e)NodeB 108 which may provide a macro cell or a primary
communication system cell. User device 116 depicts a user
device communicating with the (e)NodeB via a radio link
118. The (¢)NodeB may be coupled to the core network 110
directly 122 or indirectly via another network node. The
eNodeBs may belong to different operators and use different
core network as well.

Recently for fulfilling the need for improving the deploy-
ment and performance of communication systems, concept of
“plug-and-play” node (e)Bs has been introduced. Typically, a
network which is able to use “plug-and-play” node (e)Bs,
includes, in addition to Home node (e)Bs (Home(e)nodeBs),
a home node B gateway, or HNB-GW (not shown in FIG. 1).
A HNB Gateway (HNB-GW), which is typically installed
within an operator’s network aggregates traffic from a large
number of HNBs back to a core network through lu-cs and
lu-ps interfaces.

With increasing number of personal, local and wireless
communication systems operating in a same geographical
area, the questions of co-existence and inter-networking are
raised. Cognitive and re-configurable radios may be a key for
obtaining a heterogeneous communication environment
where mitigation techniques and cognitive signalling are used
for sharing the spectrum and routing information. Spectrum
sharing or flexible spectrum usage between different layers or
cells of a same radio access network (RAN), between difter-
ent RANs of a same operator, (such as part of refarming),
between different operators, etc., is recognized as a promising
method to enhance the usage of available frequency domain
resources. One of the basic sources for spectrum sharing gain
is provided by large variations of traffic offered to a cell.

Cognitive radios are designed to efficient spectrum use
deploying so-called smart wireless devices being capable to
sense and detect the environment and adapt to it thus being
suitable for opportunistic spectrum usage, in which also the
frequency bands not being used by their primary (usually
licensed) users may be utilized by secondary users. For this
purpose cognitive radios are designed to detect unused spec-
trum, such as spectrum holes. Alternatively, network may
store information about spectrum resources that are available
for a secondary usage. The information on spectrum
resources may be combined with geo-location of a device,
and thus available spectrum resources for the device in this
particular location may be defined.

The heterogeneous networks may also create new chal-
lenges due to the deployment of different wireless nodes such
as macro/micro eNBs, pico eNBs, and Home eNBs creating a
multi-layer network using the same spectrum resource.

To meet LTE-Advanced requirements, support of wider
transmission bandwidths is usually required. One option is to
provide carrier aggregation. In carrier aggregation, multiple
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component carriers are aggregated on the physical layer to
provide the required bandwidth. Additionally, in carrier
aggregation, data to be transmitted may be divided among
node apparatuses involved in data transmission. This “data
split” may be carried out in many different network elements.
One option is a base station or node apparatus having control
over transmitting nodes. This provides a close control point
for downlink transmission in each radio access link from the
network point of view.

In the following, some embodiments are disclosed in fur-
ther details in relation to FIG. 2. Embodiments relate to evo-
Iution of the LTE towards more cognitive spectrum usage in
future releases, such as Rel-13. Embodiments provide control
arrangement and signalling to facilitate carrier aggregation
(CA) based spectrum sharing typically among small non-
synchronized cells. Future aspects in carrier aggregation may
be inter-site carrier aggregation which differs from Rel-10
carrier aggregation in that eNBs for different carriers may be
located on different sites but are suitably synchronized. Addi-
tionally, cell-aggregation coordinated multi-point (CoMP) is
a concept wherein mainly carrier aggregation related signal-
ling is used to control CoMP transmission/reception over
multiple neighbouring cells using a same carrier.

While dynamic spectrum sharing is utilized, fast and reli-
able control signaling for releasing frequency resources to
secondary systems and retrieving resources back to the use of
aprimary system is usually required. It should be appreciated
that connection between neighbouring eNBs may include
various number of routers, especially in the case of HeNBs.
The wireline latency between neighbouring eNBs may be
considerable.

Typically, in a geographical area, a system which is a
licensed user has a primary user status and possible ad-hoc
users or opportunistic users which are ready to use spectrum
holes or corresponding resources are called secondary users.
Secondary users are typically not allowed to cause too much
interference to primary users.

The operability of a primary system is usually “preferen-
tial” in respect of a secondary system which means that the
secondary system is not allowed to interfere too much the
primary system.

It should be understood that embodiments are not, how-
ever, limited to cross-carrier scheduling. It is also possible to
utilize a secondary cell for conveying downlink and/or uplink
control signals related to the secondary cell. Another option is
to convey certain control channels (e.g., physical uplink con-
trol channel (PUCCH)) always via a primary cell while some
other control channels (e.g., physical downlink control chan-
nel (PDCCH) and/or physical HARQ (hybrid automatic
repeat request) indicator channel (PHICH)) may be transmit-
ted via the secondary cell.

Embodiments may be carried out in several different envi-
ronments, but as one especially suitable option is considered
the following: pico/femto eNBs have access to at least one
carrier for which the corresponding network operator has
primary access rights, the at least one carrier is mainly used by
a pico/femto layer, (a macro layer may be sharing the at least
one carrier, but the macro layeris able to ‘escape’ on to at least
one carrier that does not host pico/femto/HeNB cells
deployed in an uncoordinated manner), corresponding carrier
assignation mainly for small cells are deployed also by other
network operators in the geographical area, and the operator
under discussion has secondary access rights to those carriers
as a part of a spectrum sharing agreement between the net-
work operators, and enhanced automatic neighbour relation
function as well as related user device measurements are used
to extend a neighbour relation table to cover also the neigh-
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bouring cells of the other network operators under the spec-
trum sharing agreement. It should be understood that, based
on enhanced neighbour detection, eNB may have a wireline
connection (for example via an enhanced X2 interface) with
its neighbouring eNBs. Additionally, one or more muting
masks may be used by a secondary system to protect critical
signalling on a primary system against inter-cell interference.
Muting may mean dropping a transmission, reducing trans-
mission power, or transmitting only most critical signals (cor-
respondingly to almost blank subframes (ABS)). The muting
masks may be semi-static subframe level muting patterns.
Creation and usage of intra-subframe muting pattern or mask
has been considered in patent application PCT/EP2010/
068118, Tiirola, Hulkkonen and Hooli: “Controlling Radio
Resource Usage in Communications”, which is taken herein
as a reference. In this patent application, the muting mask is
defined with 12 sub-carrier resolution in frequency domain
and OFDM/SC-FDMA symbol resolution in time domain.

Embodiments may be carried out after initialisation or
set-up for shared spectrum usage has been carried out. The
set-up may be carried out in many different ways depending
on system specification followed. One example is now
described using an exemplary system comprising two eNBs,
one of which is a secondary user (eNB A) and other a primary
user (eNB B or a plurality of eNB Bs) of the resource in
question. In the shared spectrum usage, the resource is usu-
ally a carrier.

It is emphasized that the example presented beneath is
herein used only for clarification purposes and it should not be
taken as limiting embodiments or their practical implemen-
tations by any means. It is obvious for a person skilled in the
art that the example is simplified for making following and
understanding of some aspects of embodiments easier. It is
also obvious for a person skilled in the art that practical
network topologies vary case by case basis.

In an example applied to FIG. 1 system, eNB A 108, having
primary access user rights on carrier A, requests for carrier B
resources to be used based on secondary access rights. It
communicates with neighbouring eNB 114 (or eNBs) B hav-
ing primary access rights on carrier B. The eNB B informs
eNB A whether sharing is allowed at the current moment and
whether other cells are currently sharing carrier B on second-
ary access rights, and possible muting masks for protection of
critical control signals on cells B, or alternatively, some other
sufficient information on signals to be protected on cell/cells
B. Then the eNB A instructs one or more user devices 100 to
synchronize to neighbouring cell/cells B and to report timing
difference as well as carry out measurements on other neigh-
bouring cells currently sharing the carrier B. The new radio
connection from user device 100 is shown by reference num-
ber 124. Based on neighbouring cell measurements, the eNB
A determines whether sharing is feasible. The eNB A informs
apositive sharing decision to the neighbouring eNBs B. After
that the eNB A configures carrier aggregation to one or more
user devices A in order that a primary (usage) cell (Pcell) will
be on carrier A and a secondary (usage) cell (Scell) will be on
carrier B. The eNB A uses carrier aggregation in order that the
one or more user devices will receive scheduling downlink
control information only via the primary cell physical down-
link control channel (PDCCH) that is a cross-carrier sched-
uling may be used to schedule secondary cell physical down-
link shared channel (PDSCH) and physical uplink shared
channel (PUSCH) on the carrier B via the primary (usage) cell
PDCCH. Physical uplink control channel (PUCCH) is trans-
mitted on the primary cell. In other words, critical control
signalling remains on the primary cell.
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One embodiment may be carried out by a primary node of
a resource under consideration. The embodiment starts in
block 200.

In block 202, a set of changeable sharing profiles are con-
veyed to a node being a secondary user of the shared spec-
trum. The set of sharing profiles comprises changeable spec-
trum sharing conditions.

The set of changeable sharing profiles may include one or
more sharing profiles for shared spectrum usage that may be
changed during the sharing.

It is emphasized that the example presented beneath is
herein used only for clarification purposes and it should not be
taken as limiting embodiments or their practical implemen-
tations by any means. It is obvious for a person skilled in the
art that the example is simplified for making following and
understanding of some aspects of embodiments easier. It is
also obvious for a person skilled in the art that practical
network topologies vary case by case basis. The example will
be discussed by using FIG. 3 as illustrative means.

The exemplary signaling is illustrated in FIG. 3. Propor-
tional timing is shown by vertical line 308.

In the example, a secondary user is eNB A 306 and a
primary user is eNB B 302 (or a plurality of eNB Bs) of the
resource in question. In the shared spectrum usage, the
resource is usually a carrier. The eNB B signals to the eNB A
via a wireline connection such as X2, a limited set of sharing
policies or profiles that are dynamically changeable to adjust
spectrum sharing according to current needs, such as to
changes in the environment. The usage of a wireline connec-
tion makes it possible to keep over-the-air communication
between eNB A and B as simple and/or limited as possible.
However, it is also an option to use radio connection. Changes
in the environment may be changing traffic load on a cell B,
etc. The set of sharing policies or profiles may include at least
one of the following parameters: sharing according to muting
mask/no sharing, sharing according to a muting mask and/or
almost blank subframes (ABS) pattern 1, and sharing accord-
ing to a muting mask and/or ABS pattern 2. One parameter
may also be a radio network temporary identifier (RNTI)
value associated to the sharing profile set, such as a sharing
profile radio network temporary identifier (SP-RNTT). Natu-
rally, ABS patterns 1 and/or 2 may also be informed. An ABS
pattern typically means a pattern according to which a sub-
frame is or is not an (almost-)muted subframe.

It should be understood that the eNB A to be able to derive
a muting mask, the eNB B usually needs to signal sufficient
configuration information on signals determined to be pro-
tected. Such information may include at least one of the
following: maximum used physical control format indicator
channel (PCFICH) value, physical uplink control channel
(PUCCH) resources, physical random access channel
(PRACH) resources, etc. Additionally, the eNB B may signal
at least one sharing profile set, associated SP-RNTI1 value
(see the explanation of the used example in relation to block
206), as well as eNB A specific “permanent” dedicated
PRACH preamble configuration.

In block 204, at least one sharing profile of the set of
changeable sharing profiles is changed during shared spec-
trum usage.

The change is typically launched by a current need, for
example due to changes in radio environment which may be
detected by normal interference measurements, for example.

In block 206, change of the at least one sharing profile is
indicated to the node being a secondary user of the shared
spectrum.

In the example above, the eNB B may change one or more
sharing profiles of the sharing profile set by using the follow-
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ing over-the-air signaling: first, the eNB B signals a new
sharing profile by sending downlink control information
(DCI) on its own physical downlink control channel (PD-
CCH) and by using sharing profile radio network temporary
identifier 1 (SP-RNTT1, identifying the eNB A as a signalling
target), where a DCI format includes a new sharing profile
indicator (SPI) to a user device (arrow 310). Thus a sharing
profile indicator may be used to indicate the change of a
sharing profile.

Further in the example, when at least one user device 304
configured with a primary cell of eNB A, cell A and secondary
cell on carrier B, receives the PDCCH with SP-RNTI1 on the
secondary cell, it conveys the signalled SPI on a primary cell
to the eNB A. For that purpose, the at least one user device in
the cell A may transmit physical uplink control channel
(PUCCH) format 1 by using primary cell PUCCH resource
associated with the SPI and the source cell in question (312,
314). It should be appreciated that dedicated physical random
access channel (PRACH) preambles may be used instead of
PUCCH format 1 for SPI signalling in the cell A.

Then the eNB A acknowledges the reception of the SPI by
sending downlink control information (DCI) by using pri-
mary cell PDCCH with corresponding SP-RNTI2 (identify-
ing the eNB B as the signalling target), where DCI includes
the received sharing profile indicator (317, 318). An addi-
tional delay due to PRACH periodicity may exist. This is
illustrated with dashed arrows 324 and 326.

After that the at least one user device A conveys the
acknowledgement to the eNB B by transmitting a pre-config-
ured dedicated physical random access channel (PRACH)
preamble by using secondary cell PRACH (320, 322).

It should be understood that PUCCH detection is normally
prioritized in eNB. Hence, the change of sharing profile (stop-
ping and sharing, for example), may affect secondary cell
scheduling within 1 ms after receiving (arrow 314). Spectrum
sharing may also be stopped after 6 ms in the downlink and
after 10 ms in the uplink due to scheduling latency after
transmission of 310. This is depicted by arrow 316.

The embodiment ends in block 208. The embodiment is
repeatable in many ways. One example is shown by arrow 210
in FIG. 2.

Another embodiment may be carried out by a user device
which is a secondary user of the resource under consideration.
The embodiment starts in block 400.

Inblock 402, atleast one sharing profile indicator of at least
one changed sharing profile of a set of changeable sharing
profiles is obtained from a node being a primary user of
shared spectrum.

The change of at least one sharing profile may be carried
out “on the fly” that is during a spectrum sharing.

A claritying example of the procedure of changing a shar-
ing profile and possible signaling is explained in further detail
above by means of FIGS. 2 and 3. In the example, the eNB B
may change one or more sharing profiles of the sharing profile
set by following over-the-air signaling: first, the eNB B sig-
nals a new sharing profile by sending downlink control infor-
mation (DCI) on its own physical downlink control channel
(PDCCH) identified by sharing profile radio network tempo-
rary identifier 1 (SP-RNTI1), where a DCI format includes a
new sharing profile indicator (SPI) (312). Thus a sharing
profile indicator may be used to indicate the change of a
sharing profile.

In block 404, the at least one sharing profile indicator is
indicated to a node being a secondary user of the shared
spectrum.

Herein it is also referred to FIGS. 2 and 3. In the example,
when at least one user device in a primary cell of eNB A, cell
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A, receives the PDCCH with SP-RNTI1 on a secondary cell,
it conveys the signalled SPI on a primary cell to the eNB A.
For that purpose, the at least one user device in the cell A may
transmit physical uplink control channel (PUCCH) format 1
by using primary cell PUCCH resource associated with the
SPI and the source cell in question (314).

A user device may also be configured in a secondary cell on
ashared carrier for obtaining and decoding physical downlink
control channel (PDCCH) and physical downlink shared
channel (PDSCH) on a secondary (usage) cell.

In the example, the configuration of a secondary cell on the
carrier B (shared carrier) may be carried out as follows: the
user device receives and decodes both physical downlink
control channel (PDCCH) and physical downlink shared
channel (PDSCH) on the secondary usage cell. Secondary
usage cell PDCCH is transmitted by the eNB B (it is a normal
cell B PDCCH) and secondary usage cell PDSCH is trans-
mitted and/or received by the eNB A. Hence, a physical cell
identifier (PCI) for the PDCCH may be defined separately
and it may be different from PCI used on the secondary cell
PDSCH and/or physical uplink shared channel (PUSCH).

As to timing, the user device may measure timing differ-
ence between primary usage cell and secondary usage cell,
and report results to the eNB A before spectrum sharing is
taking place. The user device may report the timing difference
as a part of component carrier specific channel quality indi-
cator (CQI) report as well (aperiodic and/or periodic) trans-
mitted by using the primary cell. Based on measurement
reports from a plurality of user devices and covering possibly
also a plurality of neighbouring cells B (secondary usage cell
or secondary cell), the eNB may adjust secondary (usage) cell
PDSCH timing in such a manner that PDSCH does not over-
lap with PDCCH of any neighbouring cell B. Additionally,
the length of the PDSCH in terms of OFDM symbols may be
shortened to enable different timing between neighbouring
cells B and, if needed, for possible timing estimation errors.

More specifically, timing may be carried out as follows: the
user device acquires downlink timing of cell B, carries out
channel estimation and uses the timing and channel estimates
for detecting secondary (usage) cell PDCCH. The user device
may also determine secondary cell PDSCH and PUSCH tim-
ing based on downlink timing of the primary (usage) cell and
timing advance commands received via primary cell for sec-
ondary cell PDSCH and PUSCH. In other words, multi-tim-
ing advance may be applied to PUSCH, and additionally
separate timing advance commands may be applied to sec-
ondary cell PDSCH timing.

A user device may be configured to use several secondary
cells on a same secondary usage carrier in order to establish
over-the-air control signalling to multiple neighbouring sec-
ondary cells. Alternatively, a plurality of user devices may be
configured to different secondary cells using a same second-
ary carrier in such a manner that PDCCHs from the multiple
neighboring secondary cells may be monitored.

In block 406, an acknowledgement of indication of the at
least one sharing profile indicator is obtained from the node
being the secondary user of the shared spectrum and con-
veyed to the node being a primary user of the shared spec-
trum.

Yet in the example of FIGS. 2 and 3, the eNB A acknowl-
edges the reception of the SPI by sending downlink control
information (DCI) by using primary cell PDCCH with corre-
sponding SP-RNTI2, where DCI includes the received shar-
ing profile indicator (317, 318). After that the at least one user
device A conveys the acknowledgement to the eNB B by
transmitting a pre-configured dedicated physical random
access channel (PRACH) preamble by using secondary cell
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PRACH (322). It should be appreciated that PRACH may be
used to provide an option to loosen secondary cell uplink
synchronization requirements with eNB B.

As described using the related clarifying example, it should
be understood that as a part of secondary cell configuration, a
user device typically needs to obtain a physical cell identifier
of the related cell B, SP-RNTI1 (the eNB A as signalling
target), SP-RNTI2 (identifying the eNB B as the signalling
target), physical uplink control channel (PUCCH) format 1
configuration for each sharing profile index related to the eNB
B (or cell B), configuration of physical random access chan-
nel (PRACH) and a dedicated preamble on the cell B (iden-
tifying the eNB A as source of acknowledgement), and a
secondary cell physical downlink shared channel (PDSCH)
specific timing advance.

It is also an option to provide user device frequency syn-
chronization on a secondary cell. This may be carried out by
using secondary cell channel quality indicator (CQI) reports
containing timing difference. In the example, the user device
may signal (coarse) frequency offset between eNB B’s and
eNB A’s secondary cell reference signals, hence allowing the
eNB A to correct a possible frequency error.

The embodiment ends in block 408. The embodiment is
repeatable in many ways. One example is shown by arrow 410
in FIG. 4.

Yet another embodiment may be carried out by a secondary
node of a resource under consideration. The embodiment
starts in block 500.

In block 502, a set of changeable sharing profiles are
obtained by a node being a secondary user of the shared
spectrum. The set of changeable sharing profiles comprises
changeable spectrum sharing conditions.

In an example, an eNB B signals to eNB A a limited set of
sharing policies or profiles that are dynamically changeable
to adjust spectrum sharing to a changing environment, such as
to adjust to changing traffic load on a cell B. The sharing
profile set may include at least one of the following param-
eters: sharing according to muting mask/no sharing, sharing
according to a muting mask and/or almost blank subframes
(ABS) pattern 1, and sharing according to a muting mask
and/or ABS pattern 2. One parameter may also be a radio
network temporary identifier (RNTI) value associated to the
sharing profile set, such as a sharing profile radio network
temporary identifier (SP-RNTI). Naturally, ABS patterns 1
and/or 2 may also be informed.

Inblock 504, atleast one sharing profile indicator of at least
one changed sharing profile of the set of changeable sharing
profiles is obtained.

A claritying example of the procedure of changing a shar-
ing profile and possible signaling is explained in further detail
above by means of FIGS. 2 and 3. In the example, the eNB B
may change one or more sharing profiles of the sharing profile
set by following over-the-air signaling: first, the eNB B sig-
nals a new sharing profile by sending downlink control infor-
mation (DCI) on its own physical downlink control channel
(PDCCH) by sharing profile radio network temporary iden-
tifier 1 (SP-RNTI1), where a DCI format includes a new
sharing profile indicator (SPI) (312). Thus a sharing profile
indicator may be used to indicate the change of a sharing
profile.

Further in the example, when at least one user device in a
primary cell of eNB A, cell A, receives the PDCCH with
SP-RNTI1 on a secondary cell, it conveys the signalled SPI
on a primary cell to the eNB A. For that purpose, the at least
one user device in the cell A may transmit physical uplink
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control channel (PUCCH) format 1 by using primary cell
PUCCH resource associated with the SPI and the source cell
in question (314).

Inblock 506, an acknowledgement of obtaining the sharing
profile indicator of at least one changed sharing profile of the
set of changeable sharing profiles is conveyed.

Yet in the example of FIGS. 2 and 3, the eNB A acknowl-
edges the reception of the SPI by sending downlink control
information (DCI) by using primary cell PDCCH with corre-
sponding SP-RNTI2, where DCI includes the received shar-
ing profile indicator (317, 318). After that the at least one user
device A conveys the acknowledgement to the eNB B by
transmitting a pre-configured dedicated physical random
access channel (PRACH) preamble by using secondary cell
PRACH (322).

It is also an option to provide user device frequency syn-
chronization on a secondary cell. This may be carried out by
the eNB A transmitting a primary synchronization signal
(PSS) and/or secondary synchronization signal (SSS) with a
sub-frame offset in such a manner that they do not overlap
with eNB B’s corresponding signals and possibly using
sequences not normally used for this purpose in the LTE. As
a part of the secondary cell channel quality indicator (CQI)
reports containing timing difference, a user device may also
signal (coarse) frequency offset between eNB B’s and eNB
A’s secondary cell reference signals, hence allowing the eNB
A to correct a possible frequency error.

Additionally, as put forward by means of the example used
above, when the eNB A adjusts secondary cell physical down-
link shared channel (PDSCH) timing, it typically needs to
ensure that the processing times of user devices remain in
practically reasonable limits. In other words, in a usual case,
PDSCH should not overlap in time with physical downlink
control channel (PDCCH) on a primary cell and that PDSCH
should not be delayed more than 666.64 s (corresponding to
maximum initial timing advance in LTE Rel-8).

The embodiment ends in block 508. The embodiment is
repeatable in many ways. One example is shown by arrow 510
in FIG. 5.

An exemplary arrangement for spectrum sharing per an
LTE subframe is illustrated in FIG. 6. In the example, two
non-synchronized cells (B1 and B2) on carrier B are found to
be neighbouring cells to cell A on carrier A. In the Figure,
subframes are marked with even-numbered reference num-
bers 612-634. Small blocks within the subframes depict
OFDM symbols of 112 subcarriers, one of which is depicted
with reference number 606.

It is emphasized that the example is herein used only for
clarification purposes and it should not be taken as limiting
embodiments or their practical implementations by any
means. It is obvious for a person skilled in the art that the
example is simplified for making following and understand-
ing of some aspects of embodiments easier.

In this example, based on received information from eNB
B1 and B2, physical downlink control channel (PDCCH),
physical HARQ indicator channel (PHICH) (HARQ=hybrid
automatic repeat request), broadcast channel (BCH) and pri-
mary synchronization signal/secondary synchronization sig-
nal (PSS/SSS) are determined to be protected for both cells.
Additionally, spectrum sharing seems feasible with reason-
able almost blank subframes (ABS) pattern based on received
sharing profiles and measurement reports obtained by a user
device including timing information. Correspondingly, eNB
A sets two component carriers that is secondary (usage) cell
(Scell) B1 600 and secondary cell (Scell) B2 602 on carrier B
in such a manner that over-the-air control signalling may be
established for both cells B1 and B2. Secondary cell B1 and
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B2 differ from each other only in the secondary cell physical
downlink control channel (PDCCH) to be monitored (either
B1 or B2). To protect primary cell B1 and B2 control signals
as well as facilitate detection of PDCCH of the user device
from B1 or B2, the eNB A sets appropriate timing offset for
secondary cell physical downlink shared channel (PDSCH).
Some PDSCH scheduling options are shown by reference
number 610A and 610B, and the exemplary timing offset by
reference number 608. Additionally, it sets a PDSCH muting
mask, where the last 3 OFDM symbols are dropped that is
secondary cell PDSCH is shortened to protect cell B2
PDCCH and PHICH signaling. The muting mask is naturally
only an option and other muting masks may be used as well.
Primary cell on carrier A is depicted by reference number
604.

With regard to embodiments discussed above, it is noted
that for reliability of proposed signaling, it is possible to
utilize current smallest PDCCH payload size option for SPI,
which typically is DCI Format 1C. For maximizing the cov-
erage of the SPI carrying DCI while not increasing the num-
ber of PDCCH blind decoding at a user device, it may be
advantageous to utilize the smallest PDCCH payload size
option for SPI, which usually is also DCI Format 1C. If
multiple active user devices having an active secondary cell
are provided, reliability may be increased by user device
diversity: all configured user devices try to receive control
signalling and relay detected control signalling to a target
eNB. Transmissions from these user devices are usually non-
coherently combined over the air interface as only one
resource is used per SPI in a cell. Additionally, signalling may
be repeated in consecutive subframes, in case the need exists
to improve reliability. It is typically also an option to provide
a wireline connection as a final fall-back method in the event
of failed over-the-air communications.

The steps/points, signaling messages and related functions
described above in FIG. 2, 3, 4, 5 or 6 are in no absolute
chronological order, and some of the steps/points may be
performed simultaneously or in an order differing from the
given one. Other functions may also be executed between the
steps/points or within the steps/points and other signaling
messages sent between the illustrated messages. Some of the
steps/points or part of the steps/points can also be left out or
replaced by a corresponding step/point or part of the step/
point.

Itshould be understood that conveying, transmitting and/or
receiving may herein mean preparing a data conveyance,
transmission and/or reception, preparing a message to be
conveyed, transmitted and/or received, or physical transmis-
sion and/or reception itself, etc. on a case by case basis.

An embodiment provides an apparatus which may be any
remote-site, server, node (home node, relay node, etc.), host
or any other suitable apparatus capable to carry out processes
described above in relation to FIG. 2.

FIG. 7 illustrates a simplified block diagram of an appara-
tus according to an embodiment.

As an example of an apparatus according to an embodi-
ment, it is shown an apparatus 700, such as a remote-site or
radio head, including facilities in a control unit 704 (including
one or more processors, for example) to carry out functions of
embodiments according to FIG. 2.

In FIG. 7, block 706 includes parts/units/modules needed
for reception and transmission, usually called a radio front
end, RF-parts, radio parts, etc.

Another example of an apparatus 700 may include at least
one processor 704 and at least one memory 702 including a
computer program code, the at least one memory and the
computer program code configured to, with the at least one
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processor, cause the apparatus at least to: convey a set of
changeable sharing profiles to a node being a secondary user
of the shared spectrum, the set of changeable sharing profiles
comprising changeable spectrum sharing conditions, change
at least one sharing profile of the set of changeable sharing
profiles during shared spectrum usage, and indicate the
change of the at least one sharing profile to the node being the
secondary user of the shared spectrum.

Yet another example of an apparatus comprises means 704
(706) for conveying a set of changeable sharing profiles to a
node being a secondary user of the shared spectrum, the set of
changeable sharing profiles comprising changeable spectrum
sharing conditions, means 704 for changing at least one shar-
ing profile of the set of changeable sharing profiles during
shared spectrum usage, and means 704 (706) for indicating
the change of the at least one sharing profile to the node being
the secondary user of the shared spectrum.

Yet another example of an apparatus comprises a convey-
ing unit configured to convey a set of changeable sharing
profiles to a node being a secondary user of the shared spec-
trum, the set of changeable sharing profiles comprising
changeable spectrum sharing conditions, a changer config-
ured to change at least one sharing profile of the set of change-
able sharing profiles during shared spectrum usage, and an
indicating unit configured to indicate the change of the at least
one sharing profile to the node being the secondary user of the
shared spectrum.

It should be understood that the apparatuses may include or
be coupled to other units or modules etc, such as radio parts or
radio heads, used in or for transmission and/or reception. This
is depicted in FIG. 7 as an optional block 706.

Although the apparatuses have been depicted as one entity
in FIG. 7, different modules and memory may be imple-
mented in one or more physical or logical entities.

An embodiment provides an apparatus which may be any
user device, home node, web stick or any other suitable appa-
ratus capable to carry out processes described above in rela-
tion to FIG. 4.

FIG. 8 illustrates a simplified block diagram of an appara-
tus according to an embodiment.

As an example of an apparatus according to an embodi-
ment, it is shown an apparatus 800, such as a user device,
including facilities in a control unit 804 (including one or
more processors, for example) to carry out functions of
embodiments according to FIG. 4.

In FIG. 8, block 806 includes parts/units/modules needed
for reception and transmission, usually called a radio front
end, RF-parts, radio parts, etc.

Another example of an apparatus 800 may include at least
one processor 804 and at least one memory 802 including a
computer program code, the at least one memory and the
computer program code configured to, with the at least one
processor, cause the apparatus at least to: obtain at least one
sharing profile indicator of at least one changed sharing pro-
file of a set of changeable sharing profiles from a node being
a primary user of shared spectrum, indicate the at least one
sharing profile indicator to a node being a secondary user of
the shared spectrum, and obtain an acknowledgement of indi-
cation of the at least one sharing profile indicator from the
node being the secondary user of the shared spectrum an
convey the acknowledgement to the node being the primary
user of the shared spectrum.

Yet another example of an apparatus comprises means 804
(806) for obtaining at least one sharing profile indicator of at
least one changed sharing profile of a set of changeable shar-
ing profiles from a node being a primary user of shared
spectrum, means for 804 (806) for indicating the at least one
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sharing profile indicator to a node being a secondary user of
the shared spectrum, and means 804 (806) for obtaining an
acknowledgement of indication of the at least one sharing
profile indicator from the node being the secondary user of the
shared spectrum an convey the acknowledgement to the node
being the primary user of the shared spectrum.

Yet another example of an apparatus comprises a first
obtainer configured to obtain at least one sharing profile indi-
cator of at least one changed sharing profile of a set of change-
able sharing profiles from a node being a primary user of
shared spectrum, in indicating unit configured to indicate the
at least one sharing profile indicator to a node being a sec-
ondary user of the shared spectrum, and a second obtainer
configured to obtain an acknowledgement of indication of the
at least one sharing profile indicator from the node being the
secondary user of the shared spectrum an convey the
acknowledgement to the node being the primary user of the
shared spectrum.

Itshould be understood that the apparatuses may include or
be coupled to other units or modules etc, such as radio parts or
radio heads, used in or for transmission and/or reception. This
is depicted in FIG. 8 as an optional block 806. Additionally, a
first obtainer and a second obtainer may be included in a same
unit or be located in separate units.

Although the apparatuses have been depicted as one entity
in FIG. 8, different modules and memory may be imple-
mented in one or more physical or logical entities.

An embodiment provides an apparatus which may be any
remote-site, server, node (home node, relay node, etc.), host
or any other suitable apparatus capable to carry out processes
described above in relation to FIG. 5.

FIG. 9 illustrates a simplified block diagram of an appara-
tus according to an embodiment.

As an example of an apparatus according to an embodi-
ment, it is shown an apparatus 900, such as a remote-site or
radio head, including facilities in a control unit 904 (including
one or more processors, for example) to carry out functions of
embodiments according to FIG. 5.

In FIG. 9, block 906 includes parts/units/modules needed
for reception and transmission, usually called a radio front
end, RF-parts, radio parts, etc.

Another example of an apparatus 900 may include at least
one processor 904 and at least one memory 902 including a
computer program code, the at least one memory and the
computer program code configured to, with the at least one
processor, cause the apparatus at least to: obtain a set of
changeable sharing profiles from a node being a secondary
user or a primary user of the shared spectrum, the set of
sharing profiles comprising changeable spectrum sharing
conditions, obtain at least one sharing profile indicator of at
least one changed sharing profile of the set of changeable
sharing profiles, and convey an acknowledgement of obtain-
ing the sharing profile indicator of at least one changed shar-
ing profile of the set of changeable sharing profiles.

Yet another example of an apparatus comprises means 904
(906) for obtaining a set of changeable sharing profiles from
anode being a secondary user or a primary user of the shared
spectrum, the set of sharing profiles comprising changeable
spectrum sharing conditions, means 904 (906) for obtaining
at least one sharing profile indicator of at least one changed
sharing profile of the set of changeable sharing profiles, and
means 904 (906) for conveying an acknowledgement of
obtaining the sharing profile indicator of at least one changed
sharing profile of the set of changeable sharing profiles.

Yet another example of an apparatus comprises a first
obtainer configured to obtain a set of changeable sharing
profiles from a node being a secondary user or a primary user
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of'the shared spectrum, the set of sharing profiles comprising
changeable spectrum sharing conditions, a second obtainer
configured to obtain at least one sharing profile indicator of at
least one changed sharing profile of the set of changeable
sharing profiles, and a conveying unit configured to convey an
acknowledgement of obtaining the sharing profile indicator
ofatleast one changed sharing profile ofthe set of changeable
sharing profiles.

It should be understood that the apparatuses may include or
be coupled to other units or modules etc, such as radio parts or
radio heads, used in or for transmission and/or reception. This
is depicted in FIG. 9 as an optional block 906. Additionally, a
first obtainer and a second obtainer may be included in a same
unit or be located in separate units.

Although the apparatuses have been depicted as one entity
in FIG. 9, different modules and memory may be imple-
mented in one or more physical or logical entities.

An apparatus may in general include at least one processor,
controller or a unit designed for carrying out control functions
operably coupled to at least one memory unit and to various
interfaces. Further, the memory units may include volatile
and/or non-volatile memory. The memory unit may store
computer program code and/or operating systems, informa-
tion, data, content or the like for the processor to perform
operations according to embodiments. Each of the memory
units may be a random access memory, hard drive, etc. The
memory units may be at least partly removable and/or detach-
ably operationally coupled to the apparatus. The memory
may be of any type suitable for the current technical environ-
ment and it may be implemented using any suitable data
storage technology, such as semiconductor-based technol-
ogy, flash memory, magnetic and/or optical memory devices.
The memory may be fixed or removable.

The apparatus may be a software application, or a module,
or a unit configured as arithmetic operation, or as a program
(including an added or updated software routine), executed
by an operation processor. Programs, also called program
products or computer programs, including software routines,
applets and macros, may be stored in any apparatus-readable
data storage medium and they include program instructions to
perform particular tasks. Computer programs may be coded
by a programming language, which may be a high-level pro-
gramming language, such as objective-C, C, C++, Java, etc.,
or a low-level programming language, such as a machine
language, or an assembler.

Modifications and configurations required for implement-
ing functionality of an embodiment may be performed as
routines, which may be implemented as added or updated
software routines, application circuits (ASIC) and/or pro-
grammable circuits. Further, software routines may be down-
loaded into an apparatus. The apparatus, such as a node
device, or a corresponding component, may be configured as
acomputer or a microprocessor, such as single-chip computer
element, or as a chipset, including at least a memory for
providing storage capacity used for arithmetic operation and
an operation processor for executing the arithmetic operation.

Embodiments provide computer programs embodied on a
distribution medium, comprising program instructions
which, when loaded into electronic apparatuses, constitute
the apparatuses as explained above. The distribution medium
may be a non-transitory medium.

Other embodiments provide computer programs embodied
on a computer readable storage medium, configured to con-
trol a processor to perform embodiments of the methods
described above. The computer readable storage medium
may be a non-transitory medium.
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The computer program may be in source code form, object
code form, or in some intermediate form, and it may be stored
in some sort of carrier, distribution medium, or computer
readable medium, which may be any entity or device capable
of carrying the program. Such carriers include a record
medium, computer memory, read-only memory, electrical
carrier signal, telecommunications signal, and software dis-
tribution package, for example. Depending on the processing
power needed, the computer program may be executed in a
single electronic digital computer or it may be distributed
amongst a number of computers. The computer readable
medium or computer readable storage medium may be a
non-transitory medium.

The techniques described herein may be implemented by
various means. For example, these techniques may be imple-
mented in hardware (one or more devices), firmware (one or
more devices), software (one or more modules), or combina-
tions thereof. For a hardware implementation, the apparatus
may be implemented within one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FP-
GAs), processors, controllers, micro-controllers, micropro-
cessors, digitally enhanced circuits, other electronic units
designed to perform the functions described herein, or a com-
bination thereof. For firmware or software, the implementa-
tion may be carried out through modules of at least one chip
set (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored
in a memory unit and executed by processors. The memory
unit may be implemented within the processor or externally to
the processor. In the latter case it may be communicatively
coupled to the processor via various means, as is known in the
art. Additionally, the components of systems described herein
may be rearranged and/or complimented by additional com-
ponents in order to facilitate achieving the various aspects,
etc., described with regard thereto, and they are not limited to
the precise configurations set forth in the given figures, as will
be appreciated by one skilled in the art.

It will be obvious to a person skilled in the art that, as
technology advances, the inventive concept may be imple-
mented in various ways. The invention and its embodiments
are not limited to the examples described above but may vary
within the scope of the claims.

The invention claimed is:

1. An apparatus comprising:

at least one processor and at least one memory including a

computer program code, the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus at least to:

convey, by a primary node, a set of changeable sharing

profiles to a node being a secondary user of the shared
spectrum, the set of changeable sharing profiles com-
prising a limited set of spectrum sharing conditions or
policies changeable for adjusting spectrum sharing
according to a need;

change at least one sharing profile of the set of changeable

sharing profiles during shared spectrum usage, and
indicate the change of the at least one sharing profile to the
node being the secondary user of the shared spectrum.

2. The apparatus of claim 1, wherein the changeable shar-
ing profile set comprises at least one of the following: sharing
according to muting mask/no sharing, sharing according to a
muting mask and/or almost blank subframes (ABS) pattern 1,
sharing according to a muting mask and/or almost blank
subframe pattern 2, a radio network temporary identifier
(RNTTI) value associated to the sharing profile set.
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3. The apparatus of claim 1, wherein the change of at least
one sharing profile is indicated by sending downlink control
information (DCI) on a physical downlink control channel
(PDCCH) and by using sharing profile radio network tempo-
rary identifier identifying the node being the secondary user
of the shared spectrum as a signalling target, sharing profile
radio network temporary identifier identifying the node being
the primary user of the shared spectrum as a signalling target,
wherein a downlink control information format comprises a
sharing profile indicator (SPI).

4. The apparatus of claim 1, further being configured to:

convey information for protecting signals by a muting

mask, the information comprising at least one of the
following: maximum used physical control format indi-
cator channel (PCFICH) value, physical uplink control
channel (PUCCH) resources, and physical random
access channel (PRACH) resource.

5. An apparatus comprising:

at least one processor and at least one memory including a

computer program code, the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus at least to:
obtain, by a user device, at least one sharing profile indi-
cator of at least one changed sharing profile of a set of
changeable sharing profiles from a node being a primary
user of shared spectrum, wherein the set of changeable
sharing profiles comprises a limited set of sharing poli-
cies or profiles that are changeable for adjusting spec-
trum sharing according to need;
indicate the at least one sharing profile indicator to a node
being a secondary user of the shared spectrum, and

obtain an acknowledgement of indication of the at least one
sharing profile indicator from the node being the sec-
ondary user of the shared spectrum and convey the
acknowledgement to the node being the primary user of
the shared spectrum.

6. The apparatus of claim 5, wherein the changeable shar-
ing profile set comprises at least one of the following: sharing
according to muting mask/no sharing, sharing according to a
muting mask and/or almost blank subframe (ABS) pattern 1,
sharing according to a muting mask and/or almost blank
subframe pattern 2, a radio network temporary identifier
(RNTTI) value associated to the sharing profile set.

7. The apparatus of claim 5, further being configured to:

configure a secondary cell on a shared carrier, the config-

uring comprising: obtaining from the primary user node
and decoding secondary cell physical downlink control
channel (PDCCH), and obtaining from the secondary
user node physical downlink shared channel (PDSCH)
on a secondary usage cell.

8. The apparatus of claim 5, further being configured to:

measure timing difference between primary usage cell and

secondary usage cell and report results to the node being
the secondary user of the shared spectrum before spec-
trum sharing is taking place.

9. The apparatus of claim 5, further being configured to:

convey the acknowledgement by transmitting a pre-con-

figured dedicated physical random access channel
(PRACH) preamble by using secondary cell physical
random access channel (PRACH).

10. An apparatus comprising:

at least one processor and at least one memory including a

computer program code, the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus at least to:

obtain, by a secondary node, a set of changeable sharing

profiles from a node being a primary user of the shared
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spectrum, the set of sharing profiles comprising a limited
set of spectrum sharing conditions or policies change-
able for adjusting spectrum sharing according to a need;

obtain at least one sharing profile indicator of at least one
changed sharing profile of the set of changeable sharing
profiles, and

convey an acknowledgement of obtaining the sharing pro-

file indicator of at least one changed sharing profile of
the set of changeable sharing profiles.
11. The apparatus of claim 10, wherein the changeable
sharing profile set comprises at least one of the following:
sharing according to muting mask/no sharing, sharing
according to a muting mask and/or almost blank subframe
(ABS) pattern 1, sharing according to a muting mask and/or
almost blank subframe pattern 2, a radio network temporary
identifier (RNTT) value associated to the sharing profile set.
12. The apparatus of claim 10, wherein the acknowledge-
ment is conveyed by sending downlink control information
(DCI) by using physical downlink control channel (PDCCH)
with corresponding sharing profile radio network temporary
identifier identifying the node being the primary user of the
shared spectrum as a signalling target, wherein the downlink
control information comprises a sharing profile indicator.
13. A method comprising:
conveying by a primary node a set of changeable sharing
profiles to a node being a secondary user of the shared
spectrum, the set of changeable sharing profiles com-
prising a limited set of spectrum sharing conditions or
policies changeable for adjusting spectrum sharing
according to a need;
changing at least one sharing profile of the set of change-
able sharing profiles during shared spectrum usage, and

indicating the change of the at least one sharing profile to
the node being the secondary user of the shared spec-
trum.

14. The method of claim 13, wherein the changeable shar-
ing profile set comprises at least one of the following: sharing
according to muting mask/no sharing, sharing according to a
muting mask and/or almost blank subframe (ABS) pattern 1,
sharing according to a muting mask and/or almost blank
subframe pattern 2, a radio network temporary identifier
(RNTTI) value associated to the sharing profile set.

15. The method of claim 13, wherein the change of at least
one sharing profile is indicated by sending downlink control
information (DCI) on a physical downlink control channel
(PDCCH) and by using sharing profile radio network tempo-
rary identifier identifying the node being the secondary user
of the shared spectrum as a signalling target, sharing profile
radio network temporary identifier identifying the node being
the primary user of the shared spectrum as a signalling target,
wherein a downlink control information format comprises a
sharing profile indicator (SPI).

16. The method of claim 13, further comprising: conveying
information for protecting signals by a muting mask, the
information comprising at least one of the following: maxi-
mum used physical control format indicator channel (PC-
FICH) value, physical uplink control channel (PUCCH)
resources, and physical random access channel (PRACH)
resource.

17. A method comprising:

obtaining by a user device at least one sharing profile

indicator of at least one changed sharing profile of a set
of changeable sharing profiles from a node being a pri-
mary user of shared spectrum;

indicating the at least one sharing profile indicator to a node

being a secondary user of the shared spectrum, wherein
the set of changeable sharing profiles comprises a lim-
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ited set of sharing policies or profiles that are changeable
for adjusting spectrum sharing according to need, and

obtaining an acknowledgement of indication of the at least
one sharing profile indicator from the node being the
secondary user of the shared spectrum and convey the
acknowledgement to the node being the primary user of
the shared spectrum.
18. The method of claim 17, wherein the changeable shar-
ing profile set comprises at least one of the following: sharing
according to muting mask/no sharing, sharing according to a
muting mask and/or almost blank subframe (ABS) pattern 1,
sharing according to a muting mask and/or almost blank
subframe pattern 2, a radio network temporary identifier
(RNTTI) value associated to the sharing profile set.
19. The method of claim 17, further comprising:
configuring a secondary cell on a shared carrier, the con-
figuring comprising: obtaining from the primary user
node and decoding secondary cell physical downlink
control channel (PDCCH), and obtaining from the sec-
ondary user node physical downlink shared channel
(PDSCH) on a secondary usage cell.
20. The method of claim 17, further comprising: measuring
timing difference between primary usage cell and secondary
usage cell and report results to the node being the secondary
user of the shared spectrum before spectrum sharing is taking
place.
21. The method of claim 17, further comprising: conveying
the acknowledgement by transmitting a pre-configured dedi-
cated physical random access channel (PRACH) preamble by
using secondary cell physical random access channel
(PRACH).
22. A method comprising:
obtaining, by a secondary node, a set of changeable sharing
profiles from a node being a primary user of the shared
spectrum, the set of sharing profiles comprising a limited
set of spectrum sharing conditions or policies change-
able for adjusting spectrum sharing according to a need;

obtaining at least one sharing profile indicator of at least
one changed sharing profile of the set of changeable
sharing profiles, and

conveying an acknowledgement of obtaining the sharing

profile indicator of at least one changed sharing profile
of the set of changeable sharing profiles.

23. The method of claim 22, wherein the changeable shar-
ing profile set comprises at least one of the following: sharing
according to muting mask/no sharing, sharing according to a
muting mask and/or almost blank subframe (ABS) pattern 1,
sharing according to a muting mask and/or almost blank
subframe pattern 2, a radio network temporary identifier
(RNTTI) value associated to the sharing profile set.

24. The method of claim 22, wherein the acknowledgement
is conveyed by sending downlink control information (DCI)
by using physical downlink control channel (PDCCH) with

22

corresponding sharing profile radio network temporary iden-
tifier identifying the node being the primary user of the shared
spectrum as a signalling target, wherein the downlink control
information comprises a sharing profile indicator.

5 25. A computer-readable storage medium tangibly
embodying program code for controlling a primary node to
execute a process, the process comprising:

conveying by the primary node a set of changeable sharing
profiles to a node being a secondary user of the shared
spectrum, the set of changeable sharing profiles com-
prising a limited set of spectrum sharing conditions or
policies changeable for adjusting spectrum sharing
according to a need;

changing at least one sharing profile of the set of change-
able sharing profiles during shared spectrum usage, and

indicating the change of the at least one sharing profile to
the node being the secondary user of the shared spec-
trum.

20 26. A computer-readable storage medium tangibly
embodying program code for controlling a user device to

execute a process, the process comprising:

obtaining by the user device at least one sharing profile
indicator of at least one changed sharing profile of a set
of changeable sharing profiles from a node being a pri-
mary user of shared spectrum, wherein the set of change-
able sharing profiles comprises a limited set of sharing
policies or profiles that are changeable for adjusting

spectrum sharing according to need;

30 indicating the at least one sharing profile indicator to a node

being a secondary user of the shared spectrum, and

obtaining an acknowledgement of indication of the at least
one sharing profile indicator from the node being the
secondary user of the shared spectrum and convey the
acknowledgement to the node being the primary user of
the shared spectrum.

35

27. A computer-readable storage medium tangibly
embodying program code for controlling a secondary node to
40 execute a process, the process comprising:

obtaining a set of changeable sharing profiles from a node
being a secondary user or a primary user of the shared
spectrum, the set of sharing profiles comprising a limited
set of spectrum sharing conditions or policies change-

45 able for adjusting spectrum sharing according to a need;
obtaining at least one sharing profile indicator of at least
one changed sharing profile of the set of changeable
sharing profiles, and
0 conveying an acknowledgement of obtaining the sharing

profile indicator of at least one changed sharing profile
of the set of changeable sharing profiles.
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